Single-cell time-of-flight secondary ion mass spectrometry reveals that human breast cancer stem cells have significantly lower content of palmitoleic acid compared to their counterpart non-stem cancer cells.
Lipids comprise the primary component of cell membranes. Imaging mass spectrometry is increasingly being used to visualize membranous lipids in clinical specimens, and it has revealed that abnormal lipid metabolism is related to the development of diseases. To characterize cell populations which are rare and sparsely localized in tissues, we conducted time-of-flight secondary ion mass spectrometry (TOF-SIMS) analyses of individual cells sorted by fluorescence activated cell sorting (FACS) and applied the method to analyze breast cancer stem cells (CSCs). TOF-SIMS analyses visualized phosphoric acids and four fatty acid (FA) species in the sorted CD45(-)/CD44(+)/CD24(-) CSCs, and these ions are suspected to have originated from membranous phospholipids as they were uniformly detected from the locus where the cells attached. Integrated ion intensity of palmitoleic acids [FA(16:1)] normalized by phosphoric acid signals were decreased significantly in CSCs as compared to that of CD45(-)/CD44(-)/CD24(+) non-stem cancer cells (NSCCs). This finding was supported by liquid chromatography coupled electrospray ionization-tandem mass spectrometry analysis, which revealed phosphatidylcholine (PC)(16:0/16:1) to be less abundant and PC(16:0/16:0) to be more abundant in CSCs as compared to NSCCs. Therefore, our novel method successfully provided lipid composition analysis of individual cells classified by the expression of a complex combination of cell-surface markers. The lipid compositions of CSCs originating from the heterogeneous cellular populations of clinical specimens were successfully characterized by this method.